Enhancement of Encephalomyocarditis Plaques by Saponin
(Accepted 25 July x969) During the titration of encephalomyocarditis virus on primary mouse cells it was observed that both the size and number of plaques were increased by pretreatment of the cells with saponin which was being used to lyse erythrocytes.
Crude brown saponin was freshly dissolved for each experiment to give a 2 % solution in 50 % ethanol. Saponin from batch 205470/630707 prepared by British Drug Houses Ltd was used for all experiments. Cells were obtained by trypsinization (Dulbecco, i952 ) of the embryos from 17-day pregnant Porton white mice. Before centrifugation the trypsinized ceils were exposed for 5 rain. at room temperature to o.o2 % saponin. They were then centrifuged and grown as monolayers in Io % calf serum in medium I99. The cultures were infected with Habel's large plaque (r) mutant of encephalomyocarditis virus grown in mouse brain and were incubated in 5 % COs under an overlay of medium 199 containing o. 176 % bicarbonate, 5 % calf serum, 5 % chick embryo extract and 0"75 % Difco Noble agar. At 48 lax encephalomyocarditis plaques in cultures of cells treated with 0.02 % saponin were 2 to 6 times more numerous than in untreated cells and 6 to 7 ram. in diameter compared with 2 to 4 mm. in the control cells.
Higher concentrations of saponin reduced or abolished plaque formation by damaging the cells, whereas more dilute saponin enhanced plaque formation less effectively (Table I) . Enhancement of plaque formation could be demonstrated after one subculture of the saponin-treated cells but after further subculture there was little or no difference between treated and untreated cells.
Plaque formation in cultures of untreated cells was not enhanced by the incorporation of DEAE-dextran (Ioo/zg./ml.) or protamine sulphate (400/zg./ml.) into the agar overlay. The use ofo. 5 % agarose in place of o'75 % Noble agar did give slightly more numerous and larger though less distinct plaques, possibly owing to the difference in gel concentration; but both plaque size and number were increased considerably more 36-2 Short communications by treatment of the cells with saponin (Table 2) . These results suggested that saponin did not act by preventing the inhibitory effect of sulphated polysaccharides present in the agar (Takemoto & Liebhaber, 1961 a, b) . White saponin was compared with the crude brown preparation used in most experiments. Weight for weight, it was more active. The active material was therefore probably saponin itself rather than an impurity.
Another surface active agent, the non-ionic detergent Triton WR 1339, was tested for plaque enhancement. No alteration in encephalomyocarditis plaques resulted from treatment of the mouse cell monolayers with Triton at o-I, 0"3, I, 3 and Io mg./ml. for ½ hr.
Incorporation of 0.02/zg./ml. actinomycin D in the overlay very slightly increased the number of plaques formed in untreated mouse cells but did not affect the plaque size. The same actinomycin concentration slightly reduced both the size and number of plaques produced in saponin-treated ceils. Saponin was tested for its ability to enhance plaque formation in some other virus/cell systems. Semliki Forest, Sindbis and Chikungunya viruses did not form plaques on untreated or saponin-treated primary mouse cells. The diameter, though not the count, of encephalomyocarditis plaques in L cells was reduced by about 5o % by treatment of the cells with saponin either before or after trypsinization (Table 3) .
Saponin treatment of chick embryo cells and a continuous baby hamster kidney cell line had a negative or adverse effect on plaque formation by Semliki Forest, Sindbis and Western equine encephalitis viruses, reducing the count by up to 50 %. Semliki Forest and Chikungunya virus plaques of LLC-MK 2 stable monkey kidney monolayers were not affected by saponin treatment of the cells and Chikungunya failed to form plaques on untreated or saponin-treated chick embryo cells.
The mechanism of the enhancement of encephalomyocarditis plaques formed in cultures of primary mouse cells by treatment of the cells with saponin was not determined. For reasons already given, it seems unlikely that saponin was inactivating any of the known agar inhibitors. The disappearance of the effect on repeated subculture of the ceils shows that saponin caused no heritable alteration in the cells; nor did it appear to select a strain of more sensitive cells. A detailed study of the cell membranes of the two primary and three continuous cell lines tested would possibly explain the different results following saponin treatment of these cell types.
Several workers (Bangham &Horne, I962; Glauert, Dingle & Lucy, I962, Dourmashkin, Dougherty, & Harris, 1962) have demonstrated that saponin combines strongly with the cholesterol of the cell membrane to produce insoluble complexes. These complexes form hexagonal patterns and the lipids of the cell membrane are rearranged to give a new, much more permeable structure. Treatment of cells with saponin might increase the efficiency of uptake of encephalomyocarditis virus and this might account for the increase in both plaque numbers and plaque size.
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